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This  document  is  one  of  a series  of  reports  describing  the  research 
activities  undertaken  to  complete  Defense  Advanced  Research  Projects 
Agency  (ARPA)  supported  contract  number  MDA903  - 76-C-0?. 59,  entitled 
"Developmental  Methodologies  for  Medium-  to  Dong-Range  Estimates. 
These  reports  describe  the  project's  empirical,  methodological,  sub- 
stantive, technical,  and  theoretical  contributions. 

The  Final  Technical  Report  is  presented  as  a set  of  documents  rather 
than  a single  report.  They  arc 

• Executive  Summary, 

» Long-Range  Regional  Forecasting  Models, 

• The  So%’iet  Force  Effectiveness  Model, 

• User's  Manual  for  the  Long-Range  Regional  Forecasting 
Models, 

. • User's  Manual  for  the  Soviet  Force  Effectiveness  Model, 

and 

• Progr  am  Documentation  for  the  Soviet  Force  Effective- 
ness Model. 

The  first  three  volumes  substantively  describe  all  research  tasks, 
provide  the  rationale  for  research  decisions,  and  report  important  find- 
ings. The  remaining  four  volumes  document  the  two  computer  pro- 
grams delivered  to  the  Defense  Intelligence  Agency /Directorate  for 
Estimates  (DIA/DE)  for  installation  on  the  Defense  Intelligence  Agency 
On-Line  fly  stem  (DTAOLS). 


The  Executive  Summary  briefly  describes  the  overall  project.  The  vol- 
umes on  the  regional  forecasting  model  and  the  force  effectiveness 
model,  by  far  the  most  substantive  and  complex  of  the  documents, 
discuss  the  design  and  development  of  each  of  these  models,  respec- 
tively. The  first  reviews  the  regional  models,  identifies  areas  where 
improvements  were  made  for  DIA/DE,  and  presents  the  findings  from 
sensitivity  tests  and  computer  simulations  for  Europe,  the  Middle  East, 
Latin  America,  and  Africa.  The  second  fully  discusses  the  develop- 
ment of  the  Soviet  force  effectiveness  model.  The  volume  is  classified. 

The  remaining,  four  volumes  focus  on  the  two  computer  models  de - 
liven  d to  I'IA/1)K.  A user's  manual  and  program  documentation  have 
been  v I’tti  at!  t provide  all  necessary  information  for  using  and  main- 
taining the  models . 
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PROJ F.CT  OVERVIEW 


This  User's  Manual  describes  one  of  two  important  analytical  tcchnol- 
gies  developed  for  the  Defense  Intelligence  Agency /Directorate  for 
Estimates  (DIA/DE)  under  Defense  Advanced  Research  Projects  Agency 
(ARPA)  Cent  ract  No.  MDA903 -76 -C-0255,  designed  to  improve  the  capa- 
bility to  forecast  important  factors  that  define  the  international  military 
environment  and  have  implications  for  long-range  intelligence  estimates. 
Two  user -interactive  computer  models  were  developed  in  this  project. 
The  first  enhances  existing  Department  of  Defense  forecasting  capa- 
bilities (CACI,  1975b,  1974,  1 973)  by  applying  social  science  research 
methodologies  to  long-range  forecasting  of  important  economic,  mili- 
tary, and  political  variables.  The  second  major  product  is  a model 
that  enables  DIA/DE  to  measure  total  Soviet  force  effectiveness  for  use 
in  estimative  intelligence.  Together,  these  efforts  constitute  technolog- 
ical innovations  that  enhance  the  reliability,  accuracy,  relevance,  time- 
liness, and,  therefore,  the  credibility  of  long-range  . forecasting  for 
defense  intelligence  estimates  and  planning.  This  manual  describes  the 
user -initiated procedures  for  the  regional  long-range  forecasting  models. 


This  project  had  four  objectives: 


1.  Refine  and  equalize  the  existing  long-range  fore- 
casting models  for  Europe,  the  Middle  East,  Latin 
America,  and  sub-Saharan  Africa,  previously'  devel- 
oped under  ARPA  contracts  for  the  Joint  Chiefs  of 
Staff  (JCS/J-5). 

?..  Enrich  the  existing  models  by  including  the  People's 
Republic  of  China  as  a major  actor  in  the  superpower 
simulation  capability'  and  adding  the  option  to  simulate 
the  impact  of  political  regime  changes. 
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3.  Develop  ,i  model  to  estimate  future  Soviet  force  effec- 
tiveness based  oil  flie  Pefen  e Inf  e 1 1 i gt  ;u  <•  Projections 
fo  r 1 ’1  a nn in (D1PP)  doc imih  ii!  , in eluding  the  capacity 
of  th  e Soviet  Union  to  iir.pi  ,i  the  quality  and  quantity 
of  its  major  weapon  : - y : ■ t • m-  ai  d p >:  c inc  leased  threats 
tc>  11 . S.  i nte  re t . 

4 . Implement  the  en  i i > 1 <1  ‘ • i . • i n .•  m uh  1 r.  a r.d  the 

Soviet  forte  effet  tr. « : > i i n the  1)<  fensc  Intel- 
ligence Agency  On  • I to  Sy  tDlAOJ.S)  with  a user- 

interactive  capability  t • ] c:i.  • ])! A ar.alyits  to  fore- 
cast alternative  futures  h\  a i : e m.  g data,  superpower 
behavior,  or  regime  type,  i/or  forecasting  param- 
eters to  simulate  differ*,  nt  courses  of  action. 

ACCOM’d  I.ISI  1MKNTS 


All  phases  of  the  research  were  completed  so  that  offices  with  estab- 
lished DIAOLS  linkages  can  access  either  the  CAC1  regional  forecasting 
models  or  the  Soviet  force  effectiveness  model.  As  proposed, 

• The  regional  forecasting  mod-  Is  have  been  standard- 
ized at  comparable  complexity  for  Europe,  the  Middle 
East,  Latin  America,  and  sub-Saharan  Africa,  and 
China  has  been  added  to  the  superpower  influence  set; 

• The  capability’  to  influence  forecasts  byr  simulating 
regime  changes  was  added  and  the  models  were  made 
user-intv  ractive; 

• Sensitivity  tests  and  simulations  have  been  performed 
with  each  of  the  models,  and  the  three  programs  asso- 
ciated with  the  regional  forecasting  models  (the  pre- 
processor, forecasting  program,  and  report  generator) 
have  been  installed  on  DIAOLS; 

♦>  The  Soviet  force  effectiveness  model  has  been  developed 
using  information  available  in  the  DIPP  on  the  number 
and  characteristics  of  Soviet  weapon  systems; 


2 


* An  equation  was  developed  that  selectively  aggregates 
weapon  characteristics,  interfaces  them  with  DIPP 
force  level  information,  and  generates  estimates  of 
Soviet  force  effectiveness; 

® A program  for  the  Soviet  force  effectiveness  model  that 
permits  user-interaction  with  the  weapons  system  data 
and  alternative  assumptions  about  the  growth  and  struc- 
ture of  Soviet  forces  has  been  implemented  on  DIAOLS 
and  is  presently  available. 

The  two  computer  models  considerably  enhance  DIA/DE's  forecasting 
capability,  as  intelligence  estimators  can  now  generate  and  analyze  long  - 
range  alternative  futures  for  Europe,  the  Middle  East,  Latin  America, 
and  Africa,  or  alternative  estimates  of  Soviet  force  effectiveness.  In 
each  case,  the  analyst  has  available  a computer  technology  that  permits 
structures  and  assumptions  of  either  model  to  be  altered  to  reflect  an 
insight  about  the  phenomenon  being  studied.  Furthermore,  the  intelli- 
gence estimator  has  guidelines  or.  how  to  interface  the  long-range  re- 
gional forecasts  with  estimates  of  total  Soviet  force  effectiveness.  As 
analysts  become  more  familiar  with  both  models,  their  sensitivities  to 
the  implications  of  the  generated  forecasts  and  estimates  will  increase. 
More  questions  will  eventually  be  asked  that  will  tax  the  limits  of  the 
models.  Finally,  as  they  gain  currency  throughout  the  intelligence  com- 
munity', demands  for  increased  sophistication  and  refinement  can  be 
expected. 

The  models  produced  by  this  research  integrate  traditional  academic 
approaches  and  complex  quantitative  methodologies  to  develop  tools  that 
can  improve  intelligence  estimates.  In  addition,  the-  research  interfaced 
qualitative  and  quantitative  techniques  that  are  intermingled  in  any  model- 
ing effort.  It  also  produced  vastly  improved,  standardized,  and  user- 
interactive  versions  of  CACI's  regional  forecasting  models. 
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Moreover,  it  produced  the  first  (generation  of  a user- interactive  Soviet 
force  effectiveness  model  that  relies  on  highly  sophisticated  intelligence 
data.  The  lessons  learned  in  completing  these  two  major  efforts  should 
be  intensely  scrutinized  by  potential  users. 

CACJ'spast  efforts  in  developing  the  regional  forecasting  models  have 
involved  collecting  and  organizing  statistical  information,  applying  sta- 
tistical analytical  techniques,  examining  the  implications  of  data  error, 
designing  and  constructing  forecasting  models,  designing  and  developing 
user-interactive  programs,  applying  regional  versus  country- specific 
forecasting  equations,  and  so  on.  Each  effort  has  clearly  improved  the 
reliability  and  validity  of  the  regional  forecasting  models,  thus  advancing 
considerably  the  credibility  of  forecasts. 


Even  with  these  advances,  continuing  technology  assessments  suggest  a 
number  of  unmet,  yet  very  necessary,  steps  which  must  be  taken  to 
ensure  that  the  best  possible  regional  models  are  developed  for  the 
national  security  community.  Some  of  these  are 


. • Develop  worldwide  medium-  to  long-range  estimative 
intelligence  tech no log i c s . Currently,  no  model  exists 
for  Asia.  Limited  effort  would  be  required  to  expand 
the  current  system  to  include  that  region.  Further, 
the  current  structure  contains  the  United  States,  the 
Soviet  Union,  and  the  People's  Republic  of  China  as 
influential  superpowers.  This  set  could,  and  should, 
be  expanded  to  include  Japan  and  the  major  Western 
European  countries. 

• Develop  stochastic  mechanisms  for  superpower  intor- 
action  simulnt  ion.  While  including  additional  super- 
power influences  is  a substantial  step  toward  improving 
the  realism  of  a worldwide  model,  only  the  independent 


effects  of  the  superpowers  will  have  been  modeled.  The 
action  - reaction  nature  of  superpower  behaviors  and  the 
impacts  of  such  activity  oir  other  nations  can  new  only  be 
indirectly  simulated.  These  aspects  can  and  should  be 
modeled  in  greater  detail. 

• Explore  and  apply  methodologies  to  enrich  reriona!  fore  - 
cast s . Constraining  the  analyst's  perspective  to  define 
sets  of  countries  geographically  has,  to  some  extent, 
made  modeling  more  difficult.  One  solution  is  to  esti- 
mate country-specific  parameters,  an  approach  that  has 
worked  extremely  well  with  the  economic  sector  of  the 
current  model.  However,  when  data  are  insufficient  or 
inadequate,  the  relationships  among  environmental  vari- 
ables should  be  modeled  for  similar  types  of  countries. 
These  procedures  should  produce  increasingly  accurate 
forecasts. 


The  lessons  learned  from  modeling  Soviet  force  effectiveness  should  also 
be  intensely  evaluated.  As  expected,  the  data  intheDIPP  are  more  read- 
ily available  for  larger  weapons.  Consequently,  a force  effectiveness 
model  favoring  the  available  data  was  developed.  Thus,  the  effective- 
ness of  general  purpose  forces  (naval,  tactical  air,  and  ground)  is  less 
well  assessed  by  the  current  model.  During  the  project,  CACI  contin- 
ually clarified  DIA/DE's  specific  interests  on  Soviet  force  effectiveness. 
For  example,  the  distribution  of  off-line  and  on-line  systems  became 
important,  as  did  the  distinction  between  nuclear  and  non-nuclear  wea- 
pons. Furthermore,  distinctions  as  to  the  role  of  specific  weapons 
(either  offensive  or  defensive ) sometimes  became  important  in  consider- 
ing weapon  effectiveness. 

The  current  Soviet  force  effectiveness  model  discriminates  between  nu- 
clear and  non-nuclear  weapons  and  off-line  and  on-line  systems.  It  is 
also  capable  of  aggregating  different  weapon  systems  to  simulate  specific 
missions.  Other  advances  can  readily  be  made. 


• Identify  forces  by  geogr.iphic.nl  region,  permitting 
combinations  of  offensive  and  defensive  capabilities 
in  specific  locations  such  as  Europe,  South  Asia,  and 
China. 

• Evaluate  Soviet  force  effectiveness  of  weapons  in  both 
an  offensive  and  defensive  role.  This  would  consider- 
ably enhance  the  intelligence  estimator's  knowledge  of 
the  dimensions  of  force  effectiveness  and  the  overall 
effectiveness  of  specific  forces  analyzed  in  the  DIPP. 

• Develop  measures  of  U.S.  force  effectiveness  for  offen- 
sive and  defensive  systems,  located  in  selected  geo- 
graphical areas,  to  compare  with  Soviet  force  effective- 
ness measures.  Such  an  analysis  could  eventually 
develop  new  technologies  for  quantitative  net  assess- 
ment. 

Technology  assessment  is  an  ongoing  process  in  which  model  builders 
and  model  users  review  and  try  to  improve  the  range  and  quality  of 
existing  products.  CACI's  long-range  forecasting  models  have  been  sub- 
jected to  precisely  this  kind  of  scrutiny.  This  discussion  identified  new 
areas  where  further  improvements  should  be  made.  The  same  is  true  of 
the  Soviet  force  effectiveness  model.  As  more  users  become  acquainted 
with  it,  technology  assessment  will  begin.  The  resulting  feedback  will 
contribute  to  the  growth  that  must  continue  if  forecasting  and  estimation 
capabilities  within  the  Department  of  Defense  are  to  become  part  of  the 
policy -planning  process  in  the  national  security  community. 
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SOVIET  FORCE  EFFECTIVENESS  PROGRAM  SUMMARY 


Program  Type: 
Program  Objective: 


Interactive 

Computation  of  the  effectiveness  of  user-selected 
Soviet  weapon  systems  for  the  years  1 972-1  9S1 


Program  Features:  A user  is  permitted  to 


Program  Input: 


• Select  weapons  by  DLPP  table  or  by 
assigned  mission, 

• Examine  questionable  data  values, 

• Change  any  data  values  (except  in  the 
permanent  weapon  data  files),  and 

• Add  new  weapons. 

• DIA  DIPPOLS  file 

• CACI  weapon  attribute  file 

• Use r- supplied  information  from  the 
terminal  during  program  execution 


Program  Output: 


Tables  showing  the  effectiveness  of  selected 
Soviet  weapons  for  the  years  1 972-1  981. 


Program  Language:  FORTRAN 

Computer  System:  DLAOLS 


Developer: 


CACI,  Inc.  -Federal 


Program  Operations:  Shown  in  Figure  1 


INPUT  SPOT  ION 

SClf  CT  t>l A ESHM-  I 
TO  f$t  UM  l) 

{IH  ST.  K'W.  OH  HIGH) 


/ MAKE  \ 
CHANGES  OR 
AUO  NEW 
V.'EAPONS 


StltCf  Wt  APONS 
BY  TAfti  r OH  fir' 
WEAPON  M ON 


f SELECT  ON  LINE  *1 
[ WEAPC  N ON  • _ J 

I CELFCi  N.OlpiM  ! 
WEAPONS  CM’’  j 


YES  CHANCE 

SECTION  j" 


^LOOK  AT  x 
ESTIMATED 
V VALUES  ^ 


ESTIMATED 

VALUES 


:w  / 


COM*,UTE  AND 
PRIM  WEAPON 
EFFECTIVENESS 

VALUES 


lU 


ANOTHER 
RUN  NOW 
\ / 


SI  T KODX  o 

r 

DiDN. 

S'  USER  MAKEEV 
N.  CHANGES  yS 


* YES 
6l2)A 
/sah  \ 
^CHANGE  S 
FOR  THIS 
\fTUN/ 


RLSfT  ORIGINAL 
VALUES 


XX  IS  PROGRAM  STATEMENT  NO 


THE  VARIABLE  KODX  CONTROLS 
SEQUENCING  OF  Oi  l RATIONS 

KOOX.1  INDICATE  S THAT  WEAPON 
S[  UCIiON  HAS  tit  f N M At'f 
FOR  THE  CURIU  NT  RUN 

KOUX.-O  INOICATI  s That  w[  apons 

HA VI  NOT  Ytf  IHCNSUICU'I 
FOR  1 ML  CUMMl  NT  RUN 


Figure  1.  Oper.it  lon.il  Flow  l'i.iri.  tin  of  t lio  Soviet  Foree 
Ilf  fee  l I vetiess  I’ ro>-.r  m i 
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PKOC.KAMMKR'S  NOTKS 


1.  The  variables  arc  defined  in  Table  1. 

2.  The  36  tables  whose  ID's  are  stored  in  array  TL.IST  (see  lines 
?.06l-3065  in  subroutine  LPUT)  are  read  from  the  DIA  file.  The 
three  DIA  estimates  are  stored  in  the  single  array,  IW.  Table 
names  to  be  entered  by  the  user  are  stored  in  array  NTAB1  (sec 
lines  160-170  in  the  main  program). 

3.  The  DIA  DIPP  tables  are  read  at  each  program  execution.  No  pro- 
gram changes  are  requiredwhen  changes  in  the  DIA  estimates  of  the  I 

numbers  of  weapons  currently  in  the  files  are  made. 

4.  If  new  weapons  are  added  to  the  DIA  files,  the  following  changes 
are  needed: 

• The  names  and  attributes  of  the  new  weapons  must  be 
added  to  the  attribute  file,  'CONDATA1.  ' 

• The  numbers  of  weapons  in  the  tables  must  be  updated 
(array  'NTAB2'). 

• The  initial  value  of  'NWP1  must  be  reset. 

• If  more  than  five  new  weapons  are  added  the  dimensions 

of  arrays  WPNID,  IW,  XW,  and  XWAST  must  be  increased. 

5.  The  starting  year  for  the  computations  is  1 972.  It  is  controlled  by 
the  variable,  'STAHTYlt',  which  is  set  to  72  in  a data  statement 
(line  140).  Changing  this  value  will  change  the  starting  year. 

6.  An  annotated  program  listing  is  attached. 
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TABLE  1 

Definitions  of  Variables 


Va  riable 

WPNID(l) 

IW(K.I) 


XV.'(I<,  I) 


X WAST  (K , I ) 
NT  A 111  (K) 

NTABZ(K) 

LTAll(K) 


Definition 

Ith  weapon  identification  code 

Integer  characteristics  of  the  Ith 
weapon 

K = 1-5,  mission  codes 

K = 6,  on-line  code 

K r 7,  nuclear  code 

K = 8,  not  currently  used 

K = 9-18,  DIA's  best  estimates  of 
the  numbers  of  Soviet 
weapon  I for  the  years 
1972-1981 

K = 19-28,  DIA's  low  estimates 
K = 29-38,  DIA's  high  estimates 

Attributes  of  the  Ith  weapon 


K = 1 , 

Number  of  warheads 

K = 2, 

Yield 

K = 3, 

Payload 

K r 4, 

CEP 

K = 5, 

Reliability 

K •-  6, 

Vcloci!  y 

K = 7, 

Vulnc  rabil  i t y 

Set  to  '*' 
attribute  i 

if  the  corresponding 
s estimated 

Name  of  the  Kth  of  1 2 DIA  table 
into  which  the  weapons  are  org. 

ized 

Numbers  of  weapons  in  the  Kth  table 
Starting  index  of  the  Kth  table 


Continued 
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Table  1 

Variable;!  Definitions 
Continued 


Variable 
SMAX,  V MAX 
NATT(K) 

KODS(l) 

IWO(L),  J\VO(L), 
XWO(L),  LAO(L) 

KODN(I) 


IC(J) 

CACIE1LE,  DAT  FILE, 
IN  D FILE 

DUMMY,  IF  LAG,  ISRT, 
II  MAX,  IN  DM  AX, 
Rl'TFILE,  FACFILE, 
NPREKLX 

N WP 
MAXN 

NAT 

NTH 

NMS 

START YR 


Definit  ion 

MAXIMA  of  velocity,  vulnerability 
Name  of  the  Kth  weapon  attribute 

Selection  code  for  the  1th  weapon 

1,  weapon  selected  for  printing; 

0,  weapon  not  selected 

Storage  arrays  for  initial  weapon 
attribute  values  and  their  indices 

Code : 

1,  the  user  has  changed  the 
numbers  of  the  ith  weapon 

0,  no  changes  ir.  the  numbers 
of  th  is  weapon  have  been  made 

User-entered  weapon  numbers  for 

the  J th  yea  r 

Names  of  input  files 

Common  variables  needed  by  the 
'SURA'JT'  and  'SEEK  subroutines 

Number  of  weapons  read  from  D1PP 

files 

Maximum  array  size  for  weapon 
data  (allows  space  for  five  new 
weapons  to  be  added  by  the  user) 

Number  of  weapon  attributes 

Number  of  DIA  tables 

Not  currently  used 

Starting  year  (hist  ?.  digits) 
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wet'  to  this  question  except  "MI”  will  be  'rea'.ci  as  a selection  by  table 


All  weapon  data  are  stored  in  arrays  iw  and  XVT.  LTAB  contains  the  starting  indices  for 
the  tables.  Local  variables  JS  and  JE  are  set  to  the  beginning  and  ending  indices  belonging 
to  the  selected  tabic  (indexed  by  L). 
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Data  values  of  some  degree  of  uncertainty  are  marked  in  the  data  file.  The  user  may 
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